Dictyocaulosis (Nematoda: Trichostrongyloidea) is a widespread parasitosis of the European bison (Bison bonasus) inhabiting Bialowieza Primeval Forest. Bearing in mind the current coexistence of bison with wild cervids, and with domestic ruminants in the 19 th and 20 th century, the need arose for molecular identification of lungworm species. Molecular analysis was done on adult lungworms that were obtained from the respiratory track of four free-roaming bison euthanized as a part of the population health control program. As the result of the study four identical small subunit-ribosomal RNA gene sequences from the lungworms were obtained and deposited in GenBank as sequence, 1708 bp long (GenBank KC771250). Comparative analysis of the SSU rRNA sequences revealed the European bison to be a host for the bovine lungworm Dictyocaulus viviparus.
Introduction
Lungworms from the genus Dictyocaulus Railliet et Henry, 1907 (Nematoda: Trichostrongyloidea) are the second most widely diagnosed parasites, besides liver flukes, of free-roaming and captive European bison (Bison bonasus Linnaeus, 1758) in the Bialowieza Primeval Forest (Demiaszkiewicz et al. 2008) . According to Demiaszkiewicz et al. (2009) lungworms were found in 94% of all dissected bison, however, the highest prevalence, reaching 100%, was noticed among bison calves. Moreover, most of the cases of lungworm infection were accompanied by pathological lesions such as parasitic bronchitis, bronchopneumonia, and focal atelectasis with consequent emphysematous spaces.
Molecular verification of the lungworms of European bison has not been done to date, although, morphological identification of Dictyocaulus spp. seems to be deceptive as some of the features overlap between various species (Divina et al. 2000) . What is more, it has long been suspected that bison could be hosts for various species of lungworms from the genus Dictyocaulus. According to Wroblewski (1927) Koffman (1942) the occurrence of the bison-specific species, D. bisonis, should also be taken into consideration.
Due to the high prevalence of infection, as well as its potential pathological impact on the health of the host the need for molecular verification of lungworm species infecting bison is necessary and will provide further understanding of bison parasite epidemiology and facilitate bison conservation efforts.
Materials and Methods
The study was conducted on the free-roaming European bison from the Bialowieza National Park in the northeast part of *Corresponding author: anpyz@twarda.pan.pl
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Poland. The parasite material was collected directly from the respiratory tracts of bison euthanized as a part of the population health control program in the years 2011-2013. Isolated lungworms were stored in 5 ml vials in 70% ethanol.
The genomic DNA was extracted from ethanol-fixed individual specimens isolated from four bison aged from 5 months up to 5 years, using the Nucleospin Tissue (Macherey-Nagel, Duren, Germany) commercial DNA extraction Kit, according to the manufacturer's protocol.
The SSU rRNA genes were amplified in two steps with the use of two pairs of primers (F1_SSU, R1_SSU and F2_SSU, R2_SSU, respectively) (Tab. I). For PCR amplification 50 μl reaction mixture was prepared, containing 0.2 mM of dNTP (Novazym, Poznan, Poland), 20 mM of each of the 2 primers, 1 U of Allegro Taq DNA Polymerase (Novazym), Taq DNA Polymerase Buffer (Novazym) (70 mM Tris-HCl, pH 8.6; 16.6 mM (NH 4 ) 2 SO 4 ; 2.5 mM MgCl 2 ), and 1 μl of DNA template. The amplification was performed in a Techne TC-512 Thermal Cycler (Bibby Scientific Limited, Staffordshire, UK) according to Hoglund et al. (2003) . PCR products were loaded on 1% agarose gels with ethidium bromide (0.05 μl/ml).
The amplicons were purified with the use of the Nucleospin Gel and PCR Clean-up Kit (Macherey-Nagel) and eluted with 30 μl of laboratory pure PCR water. Sequencing of the SSU rRNA genes was performed by Genomed S. A. (Warsaw, Poland) using 2 sets of primers (F1_SSU, R1_SSU, F3_SSU, and R3_SSU for sequencing the 5' end of the SSU rRNA gene, and F2_SSU, R2_SSU, F4_SSU, and R4_SSU for sequencing the 3' end of the SSU rRNA gene, respectively) (Tab. I). DNA fragments were assembled into contigs using ContigExpress software (New York, USA). The sequence alignment was performed using GeneDoc-Multiple Sequence Alignment Editor (Nicholas et al. 1997) .
Results
Lungworms were detected in 25 of 42 euthanized bison (prevalence = 59.5%) aged from 5 months up to 25 years. Gross necropsy findings revealed mild to extensive focal pneumonia changes in all cases of dictyocaulosis.
In each case of two step amplification of the SSU rRNA two products were obtained, 892 bp and 881 bp, respectively.
The SSU rRNA sequences from 4 worms isolated from different individual bison were identical and have been deposited in GenBank as one aligned sequence (1708 bp long) with the accession number KC771250. The SSU sequence determined from bison lungworms was identical to D. viviparous SSU rRNA sequences previously described from cattle in Sweden and Canada (Fig. 1) . On the basis of the compared partial SSU sequences it can be concluded that the European bison is a host for the cattle lungworm D. viviparus. This is the first molecular confirmation of this parasite in European bison.
Discussion
The presented studies are the first attempt at molecular verification of species of lungworms infecting European bison.
Analysis of obtained rRNA partial sequences, belonging to species-specific conserved DNA regions, revealed correspondence with rRNA of the bovine lungworm -D. viviparus. The result of the present study testifies that the European bison have been exposed to, and can be infected by, the species of lung nematodes typically associated with cattle. It can be also concluded that the chosen marker region is highly conserved in Dictyocaulus viviparus due to the identity of the nucleotide sequences of the SSU rRNA gene of lungworms from various hosts, inhabiting distant geographic regions (Chilton et al. 2006 , Hoglund et al. 2003 . Consequently, additional investigation of the population genetics of lungworms of the European bison is required, based on mtDNA marker techniques, which will facilitate the study of hostspecificity of bison lungworms, a field of research clearly requiring further examination (Gasser et al. 2012 , Hoglund et al. 2006 . 
